Piglets were removed from the sow between 6 and 9 hr after birth and samples of blood plasma were obtained from 20 pigs immediately, and from seven and 15 pigs, 6 and 24 hr, respectively, after removal from the sow. Proline was the predominant plasma free amino acid in the pigs which had been suckling, but its concentration fell once the pigs were taken from the sow. The concentrations of all the amino acids (except phenylalanine) declined during the first 6 hr in which the piglets were prevented from suckling. Prolonging the fast 24 hr resulted in declines in the concentrations of alanine, asparagine, glutamate and tyrosine, but increases in the concentrations of glycine, arginine, isoleucine, leucine and valine. There were wide variations in the concentrations of some of the amino acids within the three groups of piglets, particularly in those which had been suckling until they were sampled. There were some significant simple correlations between the concentrations of ,metabolically related amino acids in the three groups of piglets.
I NTRODUCTi ON
and Bengtsson (1971) have studied the influence of suckling on the concentrations of amino acids in plasma and serum in newborn piglets and related these changes to the amino acid composition of the sow's colostrum. Typpo et aL (1970) measured the changes which took place when pigs of 20 1This work was supported by the National Research Council of Canada and by the Ontario Ministry of Agriculture and Food. 2The authors are grateful to Dr. I. McMiUan for his advice and assistance in the statistical analyses of the data.
3 Department of Nutrition.
kg were fasted, but there is no information on the effects of fasting on plasma amino acid concentrations in newborn piglets. This information could be valuable in relation to an understanding of the energy economy of the neonatal pig when it is temporarily deprived of food, because it contains small amounts of glycogen and fat (Swiatek et al., 1968 ) and it appears to mobilize protein as an energy source (Atkinson and Bayley, 1973) . The investigation to be described was undertaken to measure the variation encountered in the concentrations of free amino acids in the plasma of suckled, and fasted newborn pigs.
MATERIALS AND METHODS
The Yorkshire piglets used in this study were taken from the sows between 6 and 9 hr after the birth of the first piglet in each litter. Blood samples were taken from the orbital sinus (Huhn et al., 1969) . Samples were taken from 20 piglets immediately after they had been removed from the sow; seven of these piglets were held in individual wire cages in a room maintained at 27 C for 6 hr and blood samples were again taken. A second group of 15 piglets was taken from the sow and were maintained in the cages for 24 hr before the blood samples were taken.
The blood was collected in heparinized tubes, centrifuged and the plasma deproteinized with a volume of sulphosalicylic acid (9%) equal to the volume of plasma. The deproteinized plasma was evaporated to dryness under reduced pressure at 45 C, resuspended in acetate buffer (pH2) and frozen for subsequent analysis of the amino acids by ion exchange chromatography (TSM Amino Acid Autoanalyzed with retrofit modification; Technicon Instrument Corp., Terrytown, NY). All the analyses were complete within 2 weeks of taking the samples.
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To investigate the interrelationships between the concentrations of the amino acids in the plasma of the different pigs in each of the three groups of observations the correlation coefficients between the concentration of each amino acid and the concentration of all the other amino acids were calculated. The standard deviation was proportional to the mean and the data were subjected to a logarithmic transformation before these interrelationships were calculated. These statistical analyses were carried out using the computation system described by Nie et al. (1975) . The significance of these differences in amino acid concentrations between the three groups of observations was assessed by using Student's t-test at the P~005 level of probability as described by Steel and Torrie (1960) .
RESULTS
The concentrations of each amino acid in the plasma of the piglets varied widely immediately after they had been removed from the sow (table 1) . Proline was the predominant component and its concentration covered a fivefold range from 317 to 1539 #moles/~. There were similarly large ranges in the concentrations of arginine, isoleucine, lysine, methionine and a-aminobutyrate.
There were a great number of statistically significant positive correlations between the amino acid concentrations (after logarithmic transformation). In particular between those amino acids with a wide range of concentration, arginine was correlated with isoleucine, leucine, lysine, methionine, threonine, asparagine and proline. There were also significant positive correlations between the concentrations of the metabolically related amino acids such as aspartate and glutamate, and between glycine and serine. The concentration of threonine was significantly and positively correlated with those of 12 other amino acids, suggesting that the concentration of threonine is a good indi- Alanine  381  237  510  91  a-aminobutyrate  21  10  41  19  Aspartate  18  11  23  4  Asparagine  232  138  375  84  Citrulline  36  20  49  10  Glutamate  172  118  216  37  Glycine  347  215  516  109  Ornithine  51  31  73  16  Proline  568  321  816  148  Serine  115  95  140  17  Tyrosine  171  111  227  42  Ammonia  994  935  1049  38 Thr, Orn, Tyr.
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cator of the level of amino acid flux in the young suckling pig. The plasma samples taken from the piglets 6 hr after they had been removed from the sow showed a much simpler pattern (table 2) than for the samples taken earlier. Proline was still the predominant amino acid and there was a threefold range in the concentration of this amino acid and of isoleucine, lysine and ~-aminobutyrate. However, the ranges in the concentrations of the other amino acids were approximately twofold. There were significant positive correlations between the concentration of threonine and the concentrations of only two other amino acids: lysine and asparagine.
In the samples taken after a 24-hr fast, glycine was the predominant amino acid (table  3) ; valine and alanine were also present in substantial concentrations. There were threefold ranges in the concentrations of arginine, isoleucine, ~-aminobutyrate, aspartate, citrulline and glutamate. Examination of the statistica!ly significant correlations between the concentrations of the plasma amino acids showed a positive relationship between the concentrations of the amino acids which are catabolized to acetoacetyl-coenzyme A: leucine, lysine, phenylalanine and tyrosine, and between those which are catabolized to intermediates in the tricarboxylic acid cycle: aspartate, glutamate, proline and serine. Variations in the concentrations of ammonia were significantly and positively correlated with variations in the concentrations of asparagine, perhaps indicating the involvement of this amino acid in the transport of ammonia in the fasting neonatal pig.
The mean values for the concentrations of the essential amino acids in the plasma of the three groups of piglets are shown in figure 1. The most striking change is the lower (P~.005) lysine level in the samples taken after the 6-hr fast. There were also lower (P~<.005) levels of arginine, leucine, cystine and threonine after the 6-hr fast. Comparison of the concentrations in the three sets of plasma showed that the Figure 1 . Plasma free essential amino acid concentrations for piglets removed from the sow between 6 and 9 hr after birth, and sampled immediately or after 6 or 24 hr of fasting.
concentration of isoleucine and threonine were significantly higher for the piglets which had been fasting for 24 hr than for those which had been fasting for only 6 hr, whereas the same comparison showed that the concentration of histidine was significantly lower. The lysine concentration also appeared to be lower but this was not statistically significant, nor was the apparent increase in the concentration of valine. The concentrations of methionine and phenylalanine were not significantly different for any of the three groups of observations.
The concentrations of the non-essential amino acids are shown in figure 2. The predominance of proline and the precipitate (and significant) declines in its concentration are clear. The concentrations of aspartate, asparagine, citrulline, glutamate, ornithine and serine were all lower (P~<.O05) in the samples taken after the pigs had been fasting for 6 hr than in the samples taken immediately after the piglets had been taken off the sows. The higher glycine concentration in the plasma samples taken after 24 hr than in the samples taken 6 hr after the piglets had been taken off the sow was significant. The concentrations of asparagine, glutamate, proline and tyrosine were significantly lower in the plasma samples taken from the piglets which had been fasting for 24 hr than in those from the piglets which had been fasted for only 6 hours.
Discussion
The two most striking findings of this study are the large variation between piglets in the levels of an amino acid in the plasma of piglets which have been treated alike, and the great change in the plasma amino acid profile (or aminogram) as the piglets' status changed from suckling, to post-prandial to starvation. Bengtsson (1971) found that proline was the predominant amino acid in the serum of the 3-day-old piglets which had been suckling, and that glycine was the second most abundant amino acid. Bengtsson (1972) suggested that because of impaired proteolysis, the free amino acids in sow colostrum are more important as a source of amino acids to the piglet, than are the total amino acids in the colostrum. He showed the proline was present in greatest concentration of the free amino acids in sow colostrum. There were however much lower levels of aspartate in the plasma samples in the present study than were found by Bengtsson (1971) , but there was a considerable amount of asparagine in the plasma samples obtained in the present study. The analyses of these samples .o%f
Nonessential Amino Acids Figure 2 . Plasma free non-essential amino acid concentrations for piglets removed from the sow between 6 and 9 hr after birth and sampled immediately or after 6 or 24 hr of fasting.
were completed promptly so that the conversion of asparagine to aspartate could have been less than in the experiment reported by Bengtsson (1971) where the analyses were carried out as long as 8 weeks after the samples had been obtained.
The wide variation in the concentration of the amino acids in the plasma of the piglets which had just been taken from the sow may indicate that some piglets had either obtained less colostrum than others or that the effects of the colostrum trypsin inhibitor was inhibiting proteolysis to a very variable extent in these newborn piglets. There was less variation in the amino acid concentrations in the second and third group of samples where uptake of amino acids from the digestive tract would either not be a factor, or would be making only minimal contributions to the plasma.
The changes in amino acid concentrations as a result of the 24-hr fast support the concept that the young piglet mobilizes body protein to release amino acids for energy metabolism even though their use as substrates for gluconeogenesis may be limited by the low activity of the glucogenic enzymes in the neonatal pig (Swiatek et al., 1970) . There were marked falls in the levels of glutamate, aspartate and asparagine, amino acids which yield tricarboxylic acid cycle intermediates upon deamination. In contrast, the concentrations of the branched chain amino acids, isoleucine, leucine and valine declined in the 6 hr after being removed from the sow but then increased after 24 hr of starvation. This could be due to a removal of the amino acids provided in the milk, before the catabolism of body protein as an energy source began in the piglets subjected to the longer 24-hr fast. Atkinson and Bayley (1973) found the same effect, and it thus appears that the metabolic processes for the degradation of these amino acids are not fully developed in very young pigs. Maclean et al. (1976) measured the plasma free amino acid concentrations in children at various time intervals and found threefold increases in the concentrations of threonine, tyrosine, and the branched chain amino acids 3 hr after the children had received a protein meal, showing that the concentrations of these amino acids in the plasma of children are particularly labile. This inherent variability in plasma amino acid concentration may account for the inconsistencies in the results obtained when plasma amino acid concentration is used as a response criteria to define quantitative amino acid requirements in the pig (Knipfel et al., 1972; Oestemer et al., 1973) .
